The effect of oxygen tension on the cytotoxicity of hydroquinone and selected hydroquinone metabolites to isolated rat renal proximal tubular cells.
The cytotoxicity of hydroquinone (HQ) and several of its metabolites was studied using freshly isolated proximal tubular (PT) kidney cells from rats. Incubations were conducted for periods of up to 4 h at 37 degrees C, with cytotoxicity measured either as increased leakage of lactate dehydrogenase or as a decreased energy status, as determined by decreased ratios of adenosine triphosphate (ATP) to adenosine diphosphate (ADP). Incubation atmospheres consisted of either 95% O(2)/5% CO(2), to promote cell viability in vitro, or 5% O(2)/5% CO(2)/90% N(2). Preliminary studies with bovine serum albumin (BSA) added to the incubation media indicated a lack of toxicity for HQ or its metabolites. For the tests discussed in this report, incubations were performed without the addition of BSA. Under 95% O(2) atmospheres, PT cells from male Fischer F344 rats were significantly more sensitive to HQ than those from male Sprague-Dawley (SD) rats, with decreases in ATP to ADP ratios seen as early as 0.5 h at a concentration of 0.5 mM. When incubations were performed under a 5% O(2) atmosphere, 2-(cysteine-S-yl)hydroquinone (Cys-HQ) and HQ toxicities were observed later (3-4 h) in the incubation period, occurred at higher concentrations, were similar in magnitude for the two strains, and were greater for Cys-HQ than for HQ. These results show that variations in oxygen tension can dramatically influence the toxicity of HQ and its metabolites. The specific compounds tested that were cytotoxic at a physiologically relevant oxygen tension (5%) were (in decreasing order of potency): Cys-HQ > 2-(glutathion-S-yl)hydroquinone > HQ. These results support an association of toxicity with metabolism through the glutathione pathway, with ultimate toxicity associated with the cysteinyl conjugate. Biochemical characteristics of PT cells from these two strains suggest a significantly greater capacity of cells from the SD rat to respond to oxidative stress.